The Mathematical Discussion System (MDS) is a software system for supporting online discourse embedded in the context of an electronic educational text. Our goal was to create a new type of electronic resource that built upon the strengths of resources that are currently available to University students. Users of our system visit a specially formatted web page and are able to use our software to hold discussions with other people through the text-the web page becomes a virtual place for holding discourse, which benefits current participants as well as readers in the future.
INTRODUCTION
Students that are taking a university mathematics course typically have a number of different kinds of resources available to them. These resources have both benefits and drawbacks to them. Specifically, we categorize resources into three groups:
Written Resources: Physical books and static web pages contain a fixed degree of content. If a student encounters a learning breakdown while studying this material, the solution must be found through using one of the other resources.
Personal Resources: Professors, TAs, students, or other knowledgeable people can serve as useful resources, but these people are busy and are only available during certain time frames. Those time frames are not necessarily the same times that a struggling student may need help! Computational Resources: While the web provides an open, highly accessible communication medium, the technology to relate many things such as mathematical expressions remain in the formative stages. Examples of the other end of the computational spectrum are sophisticated math packages such as Mathematica or MatLab. It is easy for people to use these programs to express mathematical expressions, but it is difficult to communicate these expressions with other people over the Internet in a convenient manner while preserving the expressions' mathematical structure (e.g., a math expression versus a GIF image of the math expression).
We recognize the strengths of these current resources, and tried to create a new resource addressing the limitations of those resources, while building on the strengths. At first look, our system could most easily be described as being a virtual book-but this is not entirely accurate because the MDS affords personal and computational resources within the context of an electronic copy of an enhanced written resource. Specifically, the MDS enhances the resources enumerated above in the following way:
Written Resources: After a text is completed, electronic copies of that text can be annotated and modified by readers of that text. Specifically, for a text book, instructors can append their own notes, additional problem sets, detailed examples and answers. Students can insert their own notes and homework into their copy of the electronic book where it can never be physically misplaced.
Personal Resources:
In addition to providing official content, the electronic text serves as a context into which embedded discourse can take place. When a reader finds something within the text that they don't understand, they can post a question directly in the text at the relevant location. Other users could in turn read these questions and post their own responses. In this way, conversations can evolve inside the text, and improve the value of the text as more and more people use the system. This has the potential to help create a community of learners who help each other and are not as dependent on the course instructors.
Computational Resources:
The MDS provides people with the ability to easily create complicated expressions in their messages. Users can create mathematical expressions as objects unto themselves. This is better than exchanging gifs of these math expressions, because other users can modify these expressions directly, and they can be used as inputs to other computational objects such as simulations. In addition, the electronic nature of the text makes it quite easy to incorporate computer-based learning tools directly into the text. For example, a Java applet designed to solve a differential equation and plot its solution could be embedded in the relevant chapter in an ODE text.
DISCUSSION OF PROTOTYPE
The MDS is a software system that exists primarily to augment the utility of some body of text, which means that text is of basic importance to the system. While it is assumed that the electronic text is a copy of a physical book, the electronic version can be strengthened with the use of computational objects such as interactive applets and other visual aids [1] . Within the electronic version of this text, individual sections, usually at the paragraph level, are marked up with hooks. These hooks mark the location where people can hang their questions and comments on the associated portion of text. The hook can be color-coded in order to easily communicate to readers information about how other people are using that hook, so they may know where to enter the conversation.
The conversations that are hanging off of each hook are threaded discussions. This discussion group is an improvement over the standard usenet-style newsgroup for three reasons. First, because each conversation is only reached through the hook in the text, these conversations automatically have a specific context. Second, the MDS makes use of an interesting method of filtering so that "good" and "bad" messages are visually separated from one another (more on moderation in the next section). Third, the MDS provides a means for people to insert complex symbols into their messages. Support for symbols is a means for giving people the necessary vocabulary for writing things that are difficult to relate using plain text. Originally this was in order to support mathematical expressions but it is clear that this could be expanded.
DISCUSSION
The MDS lends itself to the SER (seed-evolve-reseed) model of collaborative knowledge construction [2] . The text itself serves as a seed in which highly contextual discourse can take place. Reader discourse and modifications evolve the original work into something more valuable. After a while, motivated persons can harvest these improvements and repackage the text, and restart the process with the updated version serving as a new seed.
For example, if particular sections of the text are poorly written, properly motivated people will help to clarify those parts so that students using the book later on can benefit from those clarifications. This brings up an interesting social issue-without a compelling reason, nobody will spend time improving the text. Students who understand concepts from a certain section of the text aren't likely to go to that section of the online version, unless they are either altruistic or they will be compensated for their help in terms of credit in the course. It could be the responsibility of a TA to help make clarifications and answer questions in the MDS, just as TAs sometimes have similar responsibilities in course newsgroups and web discussion groups.
Such discussion groups are sometimes frequently used by people in a course, but more often than not, course discussion groups go unused, either because people are unaware of the existence of the group, or if people are aware, they may feel awkward to publicly post, especially in a low-traffic group [5] . We suspect that one reason for these problems is the cognitive distance between the source of the questions and the medium through which to ask those questions. In the MDS, in order to find a conversation, you must first navigate to the correct location in the text. Therefore, if a student is confused about a certain part of the book, he or she simply needs to find the same location in the electronic version in order to find any existing conversations on that very topic.
Some discussion groups have a high enough level of traffic that some sort of filtering needs to happen in order for a reader to be presented with an acceptable signal to noise ratio. We have decided to implement a sort of social filtering system very similar to the message moderation system in use on Slashdot, an Internet news site for technical people [3] . In the MDS, when a reader who feels that a message was particularly good or bad, that person can moderate the message up or down a single point. Readers can use these moderation scores to determine which messages are worth their time to read, and which are not. In our prototype, messages that meet a certain level of quality (called your moderation threshold) visually stand out from the others in the message reader, so busy people can skip over messages that are potentially a waste of time.
FUTURE DIRECTIONS
Based on our own observations and other people's feedback, we have some ideas regarding MDS's future.
We must at some point test how the MDS is used in a real life use situation. We can test the MDS by using it with a text-perhaps even this paper. Check the project web page for a copy of this paper that is marked up for use with the MDS [4] .
In order to find general use, it must be easy enough for people to mark up bodies of text for use with the MDS. We envision a filter program for processing web pages so that a person could use the MDS on arbitrary web pages. This would enable people to pass around a link to a web page and have the conversation 'in' that page, without that page's author needing to mark it up for use with the MDS.
Another limitation of the current prototype is the small symbol set. For example, symbols for Chemistry, Electrical Engineering, and Physics may form a basis for supporting many college level engineering texts.
CONCLUSION
Whenever I show the MDS to somebody new, the response is generally the same. People find it to be a novel idea, and wonder aloud why they didn't think it. In a way, the MDS helps to bring a sense of location to an otherwise placeless electronic artifact, where people can discuss the material in the context of the work, much as people can talk about a sculpture in a museum while standing next to it-except that in this case, the conversation becomes part of the art.
